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INTRODUCTION 


In  pollen  germination  studies  It  has  been  observed  that 
In  vitro  gennlnatlon  percentage  of  pollen  obtained  from  plants 
grovm  In  the  greenhouse  In  summer  has  been  much  less  than  from 
the  same  species  grown  during  the  cooler  seasons  of  the  year. 
This  phenomenon  did  not  appear  to  be  limited  to  one  species, 
but  appeared  to  be  rather  common.     Since  high  temperature  may  have 
been  the  causal  agent,  this  study  was  undertaken  to  determine 
if  plants  grown  in  an  environment  of  high  temperature  did  pro- 
duce a  lower  viable  pollen  percentage,,  and  if  so,  what  could 
be  done  to  alleviate  this  injury,. 

The  interaction  between  temperature  and  pollen  germination) 
has  been  studied  by  several  Investigators  for  many  years.  Using 
germination  percentage  in  vitro  as  a  test  for  viability,  it  has 
been  generally  determined  that  the  optimum  temperature  for  the 
germination  of  control  pollen  Is  about  28°C,     At  higher  and  low- 
er temperatures,  viability  decreases.    Since  daytime  temperatures 
often  exceed  this  value  during  the  summer  in  the  field,  it  is 
surprising  that  plants  are  as  efficient  as  they  are  in  fertili- 
zation.    Indeed,  it  has  been  known  for  several  years  that  corn 
ears  often  do  not  fill  during  hot  summer  months  due  to  the  effects 
of  temperatures  above  optimum  on  the  pollen.    However,  critical 
studies  of  pollen  viability  as  a  physiological  phenomenon  have  not 
been  extensively  reported. 
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SURVEY  OF  LITERATURE 

Morphological  Stages  and  Phyalologlcal  Changes 
During  Pollen  Development 

Morphological  studies  of  pollen  development  In  prnlth0£a- 
lum  caudatum  appear  not  to  have  been  reported.    However,  such 
studies  with  other  species  have  been  conducted.     Erickson  (19^7) 
working  with  Lilium  lonpifloruro  observed  that  pollen  mother  cells 
underwent  meioais  approximately  twenty-five  days  before  antheais. 
Mitosis  of  the  microspore  nucleus  occurred  about  twelve  days  prior 
to  antheais.     These  observations  were  made  from  February  11  to 
April  8  at  Rochester,  New  York.     The  plants  were  grown  under  green-- 
house  conditions  where  the  temperature  fluctuated  daily  from  about 
16°C  to  about  27°C. 

Beatty  and  Beatty  (1953)  stated  that  mlcrogametogenesia  from 
meioais  through  pollen  maturation  required  about  fourteen  days 
in  Tradescantia  paludosa  at  30^  t  0,5    Their  observations  were 
made  on  potted  plants  during  the  summer  months  at  Emory,  Gfeorgia. 
A  very  detailed  timing  sequence  for  meiosis  and  microspore  develop>- 
ment  was  given, 

Kiyosawa  (1962)  found  that  meiosis  in  pollen  mother  cells 
occurred  thirteen  days  before  heading  In  pot  grown  rice  plants. 
The  daytime  temperature  was  19°C  and  the  night  temperature  was 
15°C  In  his  studies. 

Heslop-Harrison  (1964)  working  with  Cannabis  satlva  and 
Silene  pendula  made  the  following  observations  on  pollen  wall 
development.     The  archesporlum  and  pre-meiotlc  cells  produced 
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only  a  primary  wall  of  cellulose.     This  cellulose  wall  continued 
to  be  formed  through  the  tetrad  stage,    A  special  wall  of  calloae 
was  Initiated  in  early  meiosls  and  became  more  prevalent  as  mel-  v 
osls  continued.     The  synthesis  of  this  layer  predominated  wall 
development  from  meiosls  through  the  tetrad  stage.    During  the 
tetrad  stage  a  primexine  wall  was  produced  which  he  thought  was 
primarily  cellulose.     This  wall  established  the  pattern  to  be  Im- 
printed in  the  exine.     The  tetrad  then  broke  up  and  an  exlne  of 
sporopollenln  was  deposited  on  the  microspore.     In  the  latter 
stages  of  exine  formation,  an  inner  wall  of  cellulose,  the  Intine, 
formed.     Then  antheals  occurred, 

Taylor  (1959)  and  Takata  (1962)  concluded  that  the  tapetum 
was  the  source  of  the  microspore  exine.    Rowley  (1964)  presented 
the  idea  that  exine  development  may  be  connected  with  substrate 
transfer  from  the  tapetum  to  the  microspores.    His  support  for 
this  comes  mainly  from  electron  photomicrographs  that  showed  pro- 
toplasmic connections  of  the  microspore  protoplast  with  the  exlne 
through  the  Intlne, 

Physiological  changes  have  also  been  reported  during  pollen 
development,     Klyosawa  (1962)  found  that  in  rice  a  night  temper- 
ature of  15°C  produced  a  significant  loss  of  starch  in  the  mature 
pollen.     The  developing  pollen  was  sensitive  to  this  lower  temper- 
ature at  two  different  stages.     The  first  was  during  meiosls  and 
the  second  was  during  exine  development.    Also,  Britikov  et  al, 
(l96Ab)  observed  proline  was  translocated  from  vegetative  tissues 
and  started  to  accumululate  in  the  developing  microspores  in  the 
tetrad  stage  of  Pa paver  somniferum  and  Lilium  superbum  and 
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continually  increased  aa  the  pollen  developed. 

Stern  (19^7)  studied  the  permeability  of  developing  pollen 
mother  cells  of  Trillium  e rectum.     These  cells  were  most  per- 
meable Just  prior  to  melosls  and  Just  after  mitosis.  Permeability 
was  determined  by  the  rate  of  uptake  of  several  stains  and  was 
assumed  to  be  passive  permeability,     Stern  stated  that  the  mag- 
nitude of  change  was  probably  the  greatest  recorded  for  plant  or 
animal  cells. 

Changes  in  respiration  rate  with  stage  of  pollen  develop- 
ment have  been  reported.     Erlckson  (194?)  reported  on  the  sequence 
of  division  and  respiration  rates  of  pollen  mother  cells  of  Lilium 
lonpclflorum.     The  respiration  rate  dropped  from  731  to  3l4  mm^^ 
02/hr./gm,  during  raicroaporogenesls.     Two  pronounced  decreases 
in  rate  occurred  at  the  times  of  melosls  and  of  microspore  mitosis ♦ 
Stern  (19^7)  determined  oxygen  consumption  of  single  Trillium  an- 
thers.    There  was  a  steady  rise  in  oxygen  consumption  prior  to  mi- 
tosis, a  sharp  drop  Just  proceeding  active  division,  and  a  low 
rate  during  division,  but  the  rate  Increased  toward  the  termination 
of  the  cycle, 

Nasatlr  et  al.  (I960)  found  that  the  soluble  proteins  from 
Lilium  anthers  contained  four  electrophoretlc  components.  One 
increased  in  amount  before  mitosis  and  disappeared  at  mitosis:  two 
had  peak  values  during  mitosis  and  decreased  thereafter:  while 
the  fourth  component  remained  relatively  constant  in  microspore 
development, 

Llnskens  and  Schrauwen  (1963)  found  the  sulfhydryl  content 
of  Lilium  pollen  mother  cells  showed  synchrone  maxima  in  pachytene 
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and  after  tetrad  formation.     Transfer  of  3H  groups  from  the  tape- 
turn  to  ralcrospores  during  metaphaae  II  was  presumed  to  occur. 
Changes  In  SH  content  during  raeloslB  and  pollen  formation  were 
not  observed, 

Bolkhavsklkh  (1965)  reported  that  changes  during  pollen 
development  In  Llllum  were  connected  with  changes  In  metabolism 
and  localization  of  DNA.     Also  RNA  content  was  reduced  In  the 
chromosomes  during  late  prophase  of  the  microspore  nucleus.  Dur- 
ing this  time,  RNA  migrated  into  the  cytoplasm.    At  prometaphase 
part  of  the  nucleolar  RNA  moved  to  the  chromosomes  and  remained 
associated  with  the  chromatids  until  late  telophase. 

Effects  of  Temperature  on  Germination  in  vitro 

Johri  and  Vasll  (I96I)  reported  that  Roberts  and  Struckraeyer 
(I9A6)  and  Visser  (1955)  represented  the  correlation  between  tem- 
perature and  pollen  germination  with  an  optimum  curve.  Maximum 
germination  and  tube  length  were  obtained  between  20°C  and  30°C 
(Winkler,  1926;  Berg,  1930;  King  and  Johnston,  1958),  However, 
Hlrose  (1957)  reported  that  the  optimum  temperature  for  pollen 
germination  in  tobasco  variety  of  red  peppers  was  35°-40°Co  This 
was  unusual  since  gerralnatlon  was  usually  inhibited  at  these  tem- 
peratures (Johri  and  Vasll,  I96I).     At  lower  temperatures,  Ost- 
llnd  (1945)  found  that  in  apple  there  was  a  reduced  rate  of  ger — 
mlnatlon  and  tube  growth.    At  20"^C  after  sixty-nine  hours,  ger- 
mination was  90-100  per  cent. 

With  an  Increase  in  temperature  above  the  optimum,  pollen 
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tubes  Increased  In  diameter  and  further  temperature  Increasea 
caused  the  growing  tips  to  burst  (Sen  and  Varama,  1956;  Vasll 
and  Bose,  1959). 

Causes  of  High  Temperature  Injury 

The  effects  of  temperature  on  Intact  plants,  as  well  as 
on  Individual  plant  cells,  are  quite  complex,  since  all  physical 
and  chemical  phenomena  are  affected,    Meyer  et  al,  (i960)  stated 
that  In  general  an  Increase  In  temperature  decreases  the  solu- 
bility of  a  gas,  Increases  the  speed  of  diffusion,  increases  os- 
motic pressure  of  a  solution,  increases  the  rate  of  transpiration, 
directly  affects  the  rate  of  enzyme  controlled  reactions,  alters 
the  stability  of  the  enzymes,  increases  respiration  rate,  decreas- 
es the  net  dally  gain  in  photosynthesis,  inhibits  reproductive 
development,  may  atop  plant  growth,  or  even  kill  the  plant  and 
probably  has  a  Variety  of  other  affects.     Temperature  induced 
deficiencies  of  essential  metabolites  are  well  known  from  many 
references  given  in  a  review  by  Langrldge  (1963) i 

The  ability  of  a  plant  to  resist  heat  injury  is  often  an 
indication  of  the  mechanics  of  heat  injury,    Khlebnikova  (1932, 
1934,  and  1937)  stated  that  there  were  two  kinds  of  heat  resist- 
ance in  the  plants  with  which  he  worked.    His  studies  demonstrated 
one  modification  was  an  extensive  root  system  and  an  intensive  r 
transpiration  rate  which  was  typical  of  watermelon.     The  other 
was  that  the  protoplasm  simply  survived  overheating  which  was 
typical  of  pumpkin.    However,  the  ability  of  protoplasm  to 
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survive  overheating  was  not  a  almple  phenomenon. 

Kruzhilln  et  al,  (1951)  proved  that  nonprotein  nitrogen 
and  ammonia  accumulated  and  protein  nitrogen  decreased  during 
the  hot  hours  of  the  day  In  heat-Intolerant  plants.     Petlnov  and 
Molotkovsky  (1957)  said  heat  resistant  plants  subjected  to  high 
temperatures  had  reduced  respiratory  coefficients  and  accumulated 
organic  acids  which  reacted  with  ammonia  to  form  salts  and  amides 
which  was  a  protective  reaction  against  ammonia  toxicity.  Petl- 
nov and  Molotkovsky  (I960)  also  reported  that  certain  respiratory 
inhibitors  (KCN,  monofluoroacetate,  arsenite,  and  2,4-dinltrophe- 
nol)  caused  plants  to  be  susceptible  to  heat  damage.    Amino  acid 
and  amide  synthesis  declined  and  oxidative  phosphorylation  was 
reduced.    Petlnov  and  Molotkovsky  (1962)  later  described  methods 
of  overcoming  heat  damage  by  infiltrating  plants  with  organic  ac- 
ids and  the  addition  of  zinc  which  stimulated  dehydrogenase  activ- 
ity and  increased  oxidative  phosphorylation.    Henckel  (1964)  report- 
ed that  it  had  been  shown  that  high  temperatures  caused  the  hy- 
drolysis of  complex  proteins  with  an  accumulation  of  amino  acids. 

Nucleic  acids  have  also  been  implicated  in  heat  resistance. 
Tabor  (1962)  observed  that  the  addition  of  amines  to  calf  thymus 
DNA  mardedly  increased  the  temperature  requirements  for  the  de- 
naturation  of  the  DNA,    Similar  studies  with  plants  are  lacking. 

From  the  review  of  Langrldge  (1963)  one  is  led  to  conclude 
that  there  are  many  aspects  of  protoplasmic  heat  resistance  and 
that  heat  resistance  corresponded  to  thermostability  of  the  pro- 
teins and  varied  from  species  to  species. 

There  are  a  number  of  physiological  responses  to  increased 
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temperature  which  are  the  same  for  drought.    Julander  (1945)  in- 
dicated that  heat  resistance  of  several  species  of  range  grasses 
corresponded  closely  with  the  aridity  of  their  natural  habitat 
and  were  apparently  a  measure  of  drought  resistance.  Henckel 
(1946)  established  that  plants  responded  to  dehydration  caused  by 
drought  by  increasing  the  hydration  and  hydrophily  of  tholr  pro- 
toplasmic colloids.    Later,  Henckel  (1956)  and  Satarova  and  Uly- 
bina  (i960)  indicated  that  heat  resistance  was  closely  associated 
with  certain  colloidal-chemical  properties  and  with  extent  of 
hydration.    Henckel  and  Lyubimova  (194?)  previously  had  shown  the 
amount  of  bound  water  and  the  degree  of  protoplasmic  viscosity  to 
be  also  associated  with  heat  resistance.     Dessicatlon  from  drought, 
as  well  as  from  high  temperatures  also  caused  a  destruction  of  pro- 
tein   molecules,  according  to  Lepeschkin  (1938)  and  high  temper- 
ature stimulated  the  conversion  of  starch  to  sugar  (Meyer  et  al, 
i960)  as  did  drought  (Julander,  1945). 

Drought  and  high  temperatures  have  been  associated  with 
smaller  pollen  grains.     Schoch-Bodmer  (1940)  and  Anlklev  (i960) 
reported  that  high  air  temperature  during  the  night  and  a  defi- 
ciency in  waters  reduced  the  size  of  pollen  at  maturity.  Wagenitz 
(1955)  observed  that  drought  decreased  pollen  diameter  in  wheat, 
rye,  and  oats.     Kurtz  and  Liverman  (1958)  demonstrated  that  both 
high  and  low  night  temperatures  and  high  day  temperatures  decreased 
diameter  of  pollen  from  tomato  and  cocklebur. 

Changes  in  respiration  during  drought  have  been  reported. 
According  to  Lvov  and  Fichtengolz  (1936),  mesophytic  plants  had 
a  higher  respiration  rate  during  drought  than  when  soil  moisture 


waa  optimum.     They  thought  it  was  possible  that  the  plants  would 
maintain  the  water  content  of  the  protoplasmic  colloids  with  the 
water  released  by  the  intensified  respiration.    Bennet-Clark  and 
Bexon  (19^3)  found  that  in  plasraolyzed  beet  root  disks,  respir- 
ation increased  initially  but  later  fell  below  the  normal  respir- 
ation rate.    Petinov  and  Molotkovaky  (1956,  1957)  and  Altergot 
(I960)  associated  drought  §nd  heat  resistant  plants  with  an  In- 
creased capacity  for  protein  synthesis  and  not  with  snythesis 
of  amides.     They  concluded  that  respiration  must  be  productive  In 
oxidative  phosphorylation  when  influenced  by  high  temperature, 
Henckel  (1964)  stated  that  it  was  low  and  not  high  metabolic  ac- 
tivity which  stimulated  formation  of  increased  amounts  of  organic 
acids. 

Drought  or  high  soil  moisture  stress  has  been  shown  to  alter 
plant  development.    Konarev  (1959)  found  that  phosphorus  nutrition, 
light,  and  water  all  stimulated  the  development  of  xeromorphlsra. 
All  these  factors  affected  the  same  aspect  of  plant  metabolism, 
namely,  nucleic  acid  metabolism  and  altered  tissue  differentiation. 
Water  deficiency  always  accelerated  the  differentiation  of  tissue 
and  caused  a  decrease  in  cell  size.     Shaw  and  Loomis  (1965)  found 
Increased  moisture  stress  to  be  associated  with  decreased  adenylic 
and  increased  uridyllc  acid  contents.    During  stress,  soluble  RNA 
increased  and  riboaomal  RNA  decreased.     They  concluded  that  changes 
in  growth  caused  by  moisture  stress  may  be  related  to  RNA  and  pro- 
tein metabolism. 

Temperature  injury  had  been  shown  to  be  associated  with 
both  cytological  and  metabolic  alterations  in  pollen,  Nakahara 
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and  Komoto  (195?)  applied  high  temperature  to  the  excised  anthers 
of  Tradescant ia  paludoaa .  and  observed  various  chromoaoaial  aber- 
rations such  as  swelling,  clumping,  stickiness,  ralssdlvlslon, 
and  other  abnormalities  to  occur  during  Initial  raelosls.  Klyo- 
sawa  (1962)  observed  a  significant  loss  of  starch  In  mature  rice 
pollen  due  to  a  night  temperature  of  15°C  and  a  day  temperature 
of  19°C.     There  were  two  stages  In  pollen  development  that  were 
particularly  sensitive  to  low  temperature  Injury.     One  occurred 
about  thirteen  days  and  the  second  about  ten  days  before  heading. 
These  stages  seemed  to  correspond  to  the  stages  of  raelosls  and  of 
exlne  formation,    A  decrease  In  photosynthesis  during  the  cold 
treatment  was  not  the  cause  of  the  Injury, 

Loss  of  pollen  viability  due  to  high  temperatures  has  been 
reported.    Abaeva  (1941)  found  that  In  cotton  plants  at  4l-42°C 
non-viable  pollen  was  produced,  but'  at  35-37°C  pollen  was  viable. 
Viability  was  determined  by  germination  on  the  stigmas  of  excised 
flowers.     Jones  (194?)  germinated  com  seeds  at  30°C,    Vfhen  the 
shoots  were  one-fourth  to  one-half  inch  long,  three  lots  were 
exposed  to  temperature  treatments  of  40,  50,  and  60°C  for  one 
hour.    All  treated  seedlings  were  shorter  in  height,  less  vigorous 
in  growth,  later  in  flowering,  and  produced  nonviable  pollen. 

MATERIALS  AND  METHODS 

Plants  and  Pollen 


Ornithopralum  caudatum  is  a  bulbous  member  of  the  Liliaceae, 
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It  is  native  to  South  Africa,  Bailey  (1916),  and  Is  soraetlmea 
grown  as  a  house  plant.     O099  (1962)  working  with  this  speclea 
concluded  It  was  Ideally  suited  for  pollen  germination  studies. 
The  pollen  germinates  rapidly  and  percentage  germination  is  high. 
The  Inflorescence  Is  a  raceme  and  stays  In  flower  for  two  or  three 
months  and  may  contain  twenty  flowers  In  anthesls  at  one  time. 
The  pollen  used  here  was  fresh  pollen  obtained  from  plants  cultured 
in  growth  chambers  or  greenhouses. 

Nutrient  Medium  and  Germination  Techniques 

The  nutrient  medium,  consisting  of  a  sucrose  concentration 
of  10^,  1.26  rag/ml  of  boric  acid,  and  5  ml  of  a  stock  macronutrlent 
solution  per  10  ml,  gave  optimum  germination  percentage  for  Orni- 
thopalum  caudatum  pollen  (Goss,  1962).     The  macronutrlent  solution 
was  prepared  from  2.68  gm  of  Ca(NO-5)2*^H20,  8.0  gm  of  KNO3,  1.0  gm 
of  KH2PO4  and  6.08  gm  of  MgS0i^*7H20  dissolved  In  water  and  diluted 
to  one  liter. 

The  pollen  was  germinated  by  a  hanging  drop  technique  using 
petrl  dishes.    A  grease  pencil  was  used  to  make  small  circles  on 
the  Inside  of  the  cover  on  the  dish.    A  drop  of  nutrient  medium 
was  placed  in  each  circle,  pollen  grains  were  added  to  the  medium, 
then  the  cover  was  inverted  and  placed  over  the  bottom  of  the  petrl 
dish  which  contained  about  2  ml  of  water.     This  porvlded  a  humid 
environment  for  the  pollen  and  reduced  evaporation  from  the  cul- 
ture media.     The  petrl  dishes  were  then  placed  in  an  Incubator 
at  30°C  for  30  minutes,  and  photomicrographs  made  or  permanent 
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slides  prepared. 

Conditions  of  Exposure  r 

Unless  otherwise  Indicated,  all  plants  used  were  grown  in 
growth  chambers.     The  terra  high  temperature,  as  used  here,  means 
a  temperature  of  31°C  t  1°C  during  the  daytime,  and  29°C  t  1°C 
at  night.     The  day  length  was  fourteen  hours  with  a  ten  hour  night 
period.     The  light  Intensity  was  approximately  four  thousand  foot- 
candles  at  the  level  of  the  flowers  on  the  raceme  which  were  eight 
to  ten  Inches  from  the  light  source.     There  was  no  humidity  control,. 
The  relative  humidity  varied  with  temperature  and  the  number  of 
plants  in  the  chamber,  but  remained  approximately  65%  during  the 
day  and  75%  during  the  night.     The  control  temperature  was  25°0  t 
1°C  with  a  relative  humidity  of  30%  during  the  day,  and  h5%  at 
night.     The  terra  greenhouse  temperature,  as  used  here,  was  near 
control  temperature,  otherwise  the  temperature  and  humidity  are 
stated.     The  plants  were  watered  as  needed. 

Botanical  Microtechnique 

The  meiotlc  sequence  and  pollen  development  were  studied 
from  permanent  slides.     Flower  buds  were  sectioned  longitudinally 
and  transversely,  twelve  microns  thick,  and  mounted  in  permount 
in  serial  section  form.     The  inflorescence  was  killed  and  fixed 
in  Carney's  fluid  and  stained  with  Harris'  hematoxylin,  safranin, 
and  fast  green,  using  the  techniques  given  by  Johansen  (19A0), 
This  stained  the  nuclear  material  red,  llgnified  tlasuea  red,  and 
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other  structures  green.    A  number  of  other  slides  were  made  using 
a  modification  of  a  technique  given  by  Beeks  (1955).    Whole  an- 
thers, squashed  anthers,  pollen,  and  germinated  pollen  were 
stained  with  acetocarmin  and  mounted  in  Hoyer's  medium.. 

Respiration  Techniques 

Respiration  rates  were  determined  for  pollen  collected  from 
several  treatments.    The  technique  employed  was  adapted  from  Qrun- 
baum  et  al.  (1955).    The  apparatus  used  was  a  differential  ultra- 

mlcroreapirometer.     The  only  modification  was  setting  up  the  ap- 

o  0 
paratus  at  23  C  and  then  placing  the  flasks  In  a  30  C  water  bath 

for  the  oxygen  determination.     The  technique  described  by  Orunbaum 

et  al.  (1955)  used  a  walk- in  incubator  and  room  temperature  was 

the  same  as  the  water  bath  temperature.     The  respiration  rates 

of  0.2  mg  to  0.8  rag  of  pollen  were  measured  and  reported  In  ul 

Og/mg  fresh  pollen/hour. 

Gravimetric  Determination  of  Moisture  Per  Cent 

Moisture  content  was  determined  for  different  plant  mater- 
ial.    These  tissues  were  placed  either  in  a  paper  bag  or  in  alum- 
inum foil  weighing  cups  and  weighed.     They  were  then  dried  at 
100*^0  and  reweighed.     The  cups  or  bags  were  then  weighed  and  mois- 
ture content  reported  to  the  nearest  tenth  of  1%,    Weights  were 
recorded  to  the  nearest  0,1  mg. 


RESULTS 
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Preliminary  Observations 

Development  of  the  pollen  of  0^  caudatum  was  studied  using 
the  slides  prepared  as  previously  described.    At  the  control  tem- 
perature, microspore  mother  cells  were  formed  from  the  sporogen- 
0U3  tissue,  and  meiosis  occurred  approximately  twenty-ttro  days 
before  anthesis  (Fig.  l).    Microspore  mitosis  occurred  about  eight 
days  before  anthesis  when  the  microspores  were  readily  playinolyzed 
and  apparently  contained  a  very  high  content  of  water  (Fig,  l). 
After  this  time,  they  were  less  easily  plasraolyzed  and  contained 
more  solid  material.     This  observation  was  made  on  the  material 
which  was  sectioned,  dehydrated,  stained  with  safranln,  redehy- 
drated,  stained  with  fast  green,  and  mounted  in  permount  In  the 
dehydrated  condition.     Thus,  it  was  concluded  that  Increase  In 
dry  matter  of  the  microspore  occurred  mostly  from  eight  days  on  to 
anthesis.     The  exine  began  its  greatest  development  ten  days  prior 
to  anthesis,  about  two  days  before  mitosis.     The  exine  developed 
completely  following  mitosis,  following  which  anthesis  occurred 
(Fig.  1), 

This  time  sequence    of  days  prior  to  anthesis  was  developed 
by  comparing  the  rate  of  flowering  of  several  plants  with  the  num- 
ber and  location  of  sectioned  buds  and  anther  squashes  of  other 
flowers.     This  sequence  was  then  considered  valid  for  the  specific 
conditions  in  the  control  growth  chamber  and  would  vary  with  other 
conditions,  especially  temperature,  but  was  an  estimate  of  the 
time  these  events  occurred  (See  Fig,  2  for  the  comparison  of  the 
rates  of  anthesis  at  the  control  temperature  and  at  high 


Fig.  1.     Stages  in  pollen  development  in  £^  caudatum 

A,  Mature  mlcroapore  mother  cells  twenty-three  days  before 
anthesis  (magnification  970x), 

B,  Microspore  mother  cells  during  metaphase  I,  twenty-two 
days  before  anthesis  (magnification  970x). 

C.  Microspore  mother  cells  in  anaphase  I  and  telophase  I, 
twenty-two  days  before  anthesis  (magnification  970x)« 

D.  Microspores  at  the  time  of  microspore  mitosis,  eight  days, 
before  anthesis  (magnification  lOOx), 

£.    Mature  pollen  at  anthesis  (magnification  430x), 

F,  Microspore  mother  cell  formed  at  high  temperature,  fif- 
teen days  before  anthesis  (magnification  970x), 

G,  Pollen  at  anthesis  produced  under  the  influence  of  high 
temperature  (magnification  430x), 

H,  Sporopollenin  in  a  mature  anther  produced  at  high  temper- 
ature (magnification  430x). 
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Fig.  1,    Stages  of  pollen  development  In  0^  caudatum 
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temperature).    This  Increase  in  temperature  approximately  reduced 
the  Interval  from  melosls  to  antheals  by  half. 

Respiration  Data 

Preliminary  studies  were  made  to  establish  the  validity  of 
the  raicroresplroraeter  technique.     It  was  necessary  to  prove  that 
when  the  droplet  in  the  manometer  moved,  the  movement  was  due  to 
a  change  in  O2  tension  and  not  a  change  In  other  variables.  It 
had  been  observed  that  if  the  respiratory  flask  contained  nutrient 
medium  and  the  compensation  flask  contained  distilled  water,  the 
bubble  moved  slightly.    Apparently  the  vapor  pressure  between  the 
two  was  different.     Therefore,  in  this  study,  both  flasks  contained 
nutrient  medium. 

If  more  nutrient  medium  was  added  to  one  flask  than  the 
other,  and  the  apparatus  was  placed  in  the  water  bathp  the  droplet 
also  moved.     This  possibly  Indicated  a  differential  heating  effect 
and  consequently  a  differential  in  vapor  pressure.    Also  there 
might  be  a  difference  in  the  quantity  of  atmospheric  gases  dis-  - 
solved  in  the  liquids.     This  droplet  movement  could  be  observed 
for  as  small  a  volume  difference  as  one-tenth  of  one  ul  oS  nutri- 
ent medium.     Therefore,  it  was  considered  necessary  to  use  the 
same  quantity  of  medium  in  each  flask, 

Vfhen  pollen  was  dried  at  100°C  and  placed  in  a  respiratory 
flask,  it  was  observed  that  the  droplet  moved  quite  readily.  The 
pollen  was  hydroscopic  and  floated  on  the  germination  medium.  Af- 
ter about  fifteen  minutes,  part  of  the  pollen  sank  and  was  rather 
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Fig.  2.  Rates  of  anthesla  of  planta  at  high  temperature,  con- 
trol temperature,  and  change  In  rate  when  transferred 
from  control  to  high  temperature. 


High  Temperature 


Number  of 

flowers  5 
opened/ Day 


Number  of 

flowers  5 
opened/Day 


Dec  20 


10 


Number  of 

flowers  5 
opened/Day 


27  Jan  3 


17     24       3t  Feb  7 


Plant  transferred  from  control  temp- 
erature to  high  temperature  on  Dec,  29 


I    I    I    I    I    I    I    I    I    I  I 


Dec  27    28    29    30    31  Jam    2      3      A     5  6 
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evenly  dispersed  throughout  the  culture  medium.     It  la  believed 
that  the  hydroscopic  pollen  may  initially  alter  the  vapor  pressure 
and  thus  -Induce  an  error. 

When  using  pollen  dried  at  100°C,  a  fifteen  minute  compen- 
sation period  was  allowed  for  the  pollen  to  equilibrate  with  the 
vapor  pressure  in  the    respiratory  flask  before  attachment  to  the 
monometer.     This  eliminated  droplet  movement.     It  was  assumed  then 
that  any  movement  of  the  droplet  under  comparable  conditions  with 
viable  pollen  was  due  to  changes  in  O2  tension. 

In  order  that  the  first  fifteen  minutes  of  respiration  data 
were  not  lost  while  the  pollen  was  equilibrating,  a  study  was  made 
maintaining  the  flasks  at  10°C  in  the  refrigerator.     It  was  found 
that  the  rate  of  respiration  of  pollen  at  the  end  of  thrlty  mln'-- 
utes  was  the  same  whether  or  not  it  had  been  In  the  refrigerator 
for  a  ten-minute  interval.    After  removal  of  the  flasks  from  the 
refrigerator, .  they  were  warmed  by  contact  with  one's  fingers, 
attached  to  the  mamoraeter,  and  placed  in  the  water  bath.     The  init- 
ial respiration  rate  was  low  but  rose  to  its  maximum  rate  in  approx- 
imately fifteen  minutes.    Using  heat-killed  pollen  under  these 
conditions  the  droplet  did  not  move.     Thus  the  technique  was  con- 
sidered valid.    All  respiration  data  were  taken  using  this  tech.^ 
nique  and  presumably  represent  actual  respiration.    After  attain- 
ing the  maximum  respiratory  rate  during  the  first  fifteen  minutes , 
the  rate  leveled  off  and  remained  approximately  the  same  for  the 
next  two  hours  (Fig.  3).    Hence,  since  respiration  rates  apparent- 
ly did  not  change  appreciably  after  the  first  half  hour,  this  in- 
terval was  adopted  as  the  standard  for  experifflentation* 
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Using  the  most  recently  opened  flowera  on  the  raceme  of  one 
greenhouse-grown  plant,  a  series  of  respiration  experiments  were 
made  from  July  14  through  July  21,  1965.     The  pollen  was  collect- 
ed at  approximately  1:30  p.m.  on  each  day.     These  respiration  rates 
were  compared  with  temperatures  and  humidity  recorded  In  the  greens- 
house  for  those  days  by  a  hygrothermograph  (Table  I),    The  results 
Indicated  that  a  lower  respiration  rate  on  one  day  was  correlated 
with  a  high  temperature  In  the  greenhouse  approximately  three  days 
previously. 


Table  I,    Effect  of  greenhouse  temperature  on  respiration 
of  Oj.  caudatum  pollen. 


Date 

Greenhouse 

Greenhouse 

Respiration  RatOp 
ul  02/nig  pollen/hr. 

Temperature* 

Rel.  Humid, #♦ 

July  10 

820c 

66^ 

11 

81^0 

74^ 

12 

900C 

60^^ 

13 

88^0 

64^ 

14 

78°C 

54j^ 

88 

15 

840C 

49J^ 

30 

16 

90^0 

52;^ 

53 

17 

90^0 

54^ 

66 

18 

860C 

62^ 

not  taken 

19 

84°C 

90^ 

38 

20 

90^0 

85^ 

66 

21 

86^0 

62J^ 

53 

♦Highest  temperature  on  that  day 
♦♦Humidity  at  the  highest  temperature 


The  plant  studied  was  placed  In  a  temperature  controlled 
environmental  growth  chamber  on  July  22,    A  treatment  of  ten  hours 
night  at  15°C  and  fourteen  hours  day  at  25°C  was  used.  Respir- 
ation rates  from  July  21  through  July  29  are  given  In;  Table  II.. 
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Table  II,    Respiration  rates  of  Oj^  caudatum  pollen. 


Date 


Respiration  Rates, 
ul  02/ni6  pollen/hr. 


July  21, 

1965 

19 

22, 

1965 

*not 

16 

24, 

1965 

21 

25, 

1965 

not 

26, 

1965 

31 

27, 

1965 

30 

28, 

1965 

33 

29, 

1965 

31 

Nov,  1, 

1965 

.  ^  /  #«28 

2 , 

1905 

"  44 

3, 

1965 

30 

4, 

1965 

35 

5, 

1965 

44 

6, 

1965 

42 

Dec. . 27, 

1965 

33 

28, 

1965 

36 

29, 

1965 

30, 

1965 

X  29 

31, 

1965 

.       \  39 

Jan,  1, 

1966 

31 

2, 

1966 

37 

3, 

1966 

,  28 

June  30, 

1966 

#♦10 

July  1, 

1966 

18 

2, 

1966 

21 

3. 

1966 

27 

4, 

1966 

21 

5, 

1966 

37 

6, 

1966 

23 

June  30, 

1966 

*#»not 

July  1, 

1966 

8 

2, 

1966 

9 

3, 

1966 

16 

4, 

1966 

24 

5, 

1966 

37 

6. 

1966 

23 

♦Plant  was  transferred  from  high  greenhouse  temperature  to  the 
growth  chambers  at  control  temperature. 
♦♦Plant  was  transferred  from  control  temperature  to  high  temp- 
erature, 

♦♦♦Plant  maintained  continuously  at  control  temperature. 
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It  was  observed  that  the  pollen  respiration  rates  increased 
when  exposed  to  the  cooier  temperature.    Results  are  not  avail- 
able from  the  third  day  the  plant  was  exposed  to  the  lower  tem- 
perature, but  on  the  fourth  day  the  respiration  rate  was  aa  high 
as  the  average  respiration  rate  for  the  pollen  produced  at  that 
temperature  (Fig.  4), 

Another  respiration  study  was  carried  out  from  November  1 
to  November  6,  1965.     The  object  of  this  study  was  to  determine 
how  the  rate  of  respiration  was  affected  when  the  plant  was  ex- 
posed to  a  temperature  increase.     Two  plants  were  brought  to  flow- 
er at  the  programmed  control  temperature  conditions  and  transferred 
to  a  growth  chamber  programmed  for  the  high  temperature  conditions. 
The  plant  was  transferred  to  the  high  temperature  chamber  on  Nov- 
ember 1,  1965.     The  respiration  rates  were  erratic.     There  was  a 
sharp  increase  the  first  day  then  a  decrease  the  second,  and  third 
days,  followed  by  an  increase  (Fig.  5).     This  further  indicated 
something  happening  three  days  prior  to  anthesls.     This  was  in- 
teresting because  when  keeping  a  plant  at  the  high  temperature  and 
transferring  it  to  the  control  temperature,  the  respiration  rate 
of  the  pollen  increased  (Table  II),  which  was  the  same  observa- 
tion for  the  plant  kept  at  the  control  temperature  then  transferred 
to  the  high  temperature.    After  several  days  exposure  to  high 
temperature,  the  respiration  rate  of  heat  resistant  plants  also 
decreased,  according  to  Petinov  and  Molotovsky  (1957). 

Two  more  respiration  studies  were  made  and  compared  simul- 
taneously with  per  cent  germination.    When  a  plant  kept  at  the 
control  temperature  was  transferred  to  the  high  temperature 
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(Fig,  6)  there  was  an  overall  Increase  In  respiration  rate  of 
the  pollen  and  a  corresponding  decrease  In  per  cent  germination. 

Identification  of  Amino  Acids  and  their 
Effect  on  Oerralnatlon 

Free  amino  acids  were  determined  In  pollen  produced  at  the 
higher  temperature.    A  plant  which  was  flowering  was  placed  In 
a  temperature  controlled  environmental  growth  chamber  for  a  ten 
hour  23°C  night  and  a  fourteen  hour  32°C  day.     Three  days  later 
all  open  flowers  were  discarded.     Forty-eight  hours  later  all 
open  flowers  (ca.  20 )  were  removed.     The  pollen,  styles,  and  sta- 
mens (washed  free  of  pollen)  were  collected. 

Free  amino  acids  were  extracted  from  these  structures  us- 
ing 80%  methanol  for  twenty-four  hours  at  lO^C,  Unldlmenslonal 
paper  chromatographs  on  Vhatraan  No,  1  paper  were  run  on  this  ma- 
terial using  butanol,  acetic  acid,  and  water,  In  a  5j1:4  concen- 
tration ratio  as  the  solvent.    Proline  and  hydroxyprollne  were 
not  observed  In  the  pollen,  but  were  Identified  In  the  other 
structures,  particularly  In  the  styles.     Identification  was  made 
by  comparison  with  known  amino  acid  standards.    Leucine  and  Iso- 
leuclne  were  found  In  greater  proportions  in  the  stamen  extract 
and  were  much  less  In  the  pollen  extract. 

Germination  Data 
The  effects  of  the  high  temperature  on  germination  percentage 
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Fig,  6,    Comparison  of  Germination  Per  Cent  with  Respir- 
ation Rate, 
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have  been  shown  (Fig.  6),     The  data  from  germination  percentages 
were  collected  by  two  different  methods.     One  Involved  a  hanging 
drop  culture  from  which  photomicrographs  were  made  and  from  which 
the  per  cent  germination  was  calculated.     The  other  method  Involved 
the  transfer  of  the  culture  drop  with  the  germinated  pollen  to  a 
slide.     It  was  then  stained  with  aceto-carmln  and  mounted  In  Hoy- 
er's  medium,  and  germination  percentage  determined  by  counting 
those  grains  forming  tubes, 

A  study  of  the  effect  of  high  temperature  and  control  temper- 
ature correlated  with  the  effect  of  added  proline  and  hydroxypro- 
llne  on  germination  percentage  was  made.     Six  replications  of  the 
treatments  were  made.     Two  at  the  control  temperature,  with  and 
without  1  mg/lO  ml  each  of  proline  and  hydroxyprollne,  and  two  at 
the  high  temperature;  similarly  treated.     Table  III  gives  a  sum- 
mary of  these  results  from  an  analysis  of  variance  evaluated  with 
Duncan's  NMRT  at  the  5%  level  of  significance  (Duncan,  1955). 

This  analysis  showed  germination  to  be  significantly  lower 
at  the  high  temperature.     The  addition  of  proline  and  hydroxypro- 
llne  significantly  Increased  germination  of  pollen  from  the  high 
temperature  treatment  over  the  control  and  over  the  high  temper- 
ature treatment  without  proline  and  hydroxyprollne .    The  addition 
of  proline  and  hydroxyprollne,  at  the  concentrations  used,  signif- 
icantly decreased  germination  percentage  In  the  control  treatment. 
There  was  no  significant  difference  between  the  high  temperature 
treatment  with  proline  and  hydroxyprollne  added  and  the  control 
temperature  treatment  without  these  amino  acids.    Likewise,  there 
was  no  significant  difference  between  the  control  temperature 
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with  proline  and  hydroxyprollne  and  the  high  temperature  treat- 
nienta. 


Table  III. 

Summary  of  analysis  of  variance 
percentages . 

of  germination 

Rank 

Treatment 

%  Oerralnatloni 

1  Control  temperature, 

0.1  mg  proline  and  hydroxyprollne/ml  added  4o,0 

2  High  temperature, 

proline  and  hydroxyprollne  not  added  45.7 

3  Control  temperature, 

proline  and  hydroxyprollne  not  added  59.7 

4  High  temperature, 

0.1  mg  proline  and  hydroxyprollne/ml  added  67.2 

Duncan's  NMRT  at  5%  level  13.0,      13.6,  14.0 

1  2        ^  4 

Cytologlcal  Observations 

Mature  pollen  from  plants  grown  at  the  high  temperature  for 
fourteen  days  was  smaller  In  diameter  and  some  contained  only  a 
single  nucleus  (Fig.  1).     The  microspore  mother  cells  began  the 
Initial  phases  of  meiosls.    After  the  nuclear  membrane  had  dis- 
appeared, the  chromosomes  clumped  together  into  many  small  nuclei. 
The  nucleolus  did  not  disappear.     The  sporogenous  tissue  then 
appeared  as  multinucleated  cells  (Fig,  1),     In  some  anthers  there 
were  no  microspores,  but  lumps  of  material  which  were  apparently 
sporopollenln  formed  (Fig.  1), 
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Water  Relations 

Pollen  was  collected  from  twenty-five  flowers  on  one  plant 
at  the  control  temperature.    Pollen  was  collected  from  the  same 
number  of  flowers  from  a  plant  at  the  high  temperature.     The  water 
content  at  the  control  temperature  was  6,3^%  and  that  at  high  tem- 
perature was  4,94j^, 

When  plants  were  transferred  from  the  greenhouse  to  a  high 
temperature  growth  chamber  there  was  a  decrease  in  water  content 
of  the  Inflorescence  as  seen  in  Fig.  7.    A  similar  study  was  made 
using  single  buds  which  were  three  to  four  hours  from  anthesls. 
After  one  day  there  was  a  remarkable  decrease  in  water  content, 
but  from  then  on  there  was  a  steady  increase.     This  was  compared 
with  a  plant  ^rown  continuously  under  greenhouse  conditions  (Fig, 

8)  .     There  was  apparently  a  slightly  lower  water  content  of  buda 
which  developed  first,  .> 

In  the  plants  transferred  to  the  high  temperature  chamber, 
there  was  a  decrease  in  dry  matter  of  the  inflorescence  (Fig, 

9)  .  However,  the  dry  weight  of  single  buds  from  the  plant  trans- 
ferred to  the  high  temperature  actually  increased  as  seen  in  Fig, 
10. 

Pollen  was  collected  from  field  plots  of  experimental  drought 
resistant  hybrid  corn  during  August  of  1966.     The  pollen  was  col- 
lected at  7:30  a,m,  each  day  and  water  content  determined.  As 
seen  in  Table  IV,  the  water  content  of  the  pollen  fluctuated  with 
daily  rainfall  and  temperature. 
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Table  IV,     Effect  of  temperature  and  precipitation  on  water 
content  of  com  pollen. 


Date 

Temperature 
Max  Ave 

Precipitation 

Per  Cent  Water 

Aug,  1.  1966 

94 

78 

0 

2 

84 

74 

0.60  in. 

26 

3 

83 

72 

0 

51 

4 

87 

74 

0 

41 

5 

90 

77 

0 

liC 

4o 

6 

93 

79 

00 

46 

7 

89 

78 

0 

44 

8 

78 

70 

0 

9 

69 

65 

Trace 

54 

10  ■ 

75 

68 

1,22  In. 

49 

11 

80 

67 

0 

32 

12 

81 

71 

0 

28 

13 

79 

74 

0 

14 

89 

74 

0 

15 

89 

80 

0 

36 

16 

95 

78 

0 

17        .  ■ 

99 

84 

0 

18 

,  85 

76 

0.01  in. 

19 

84 

76 

0,05  in. 

48 
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DISCUSSION. 

Pollen  development  began  with  the  sporogenoua  tissue  differ- 
entiating Into  pollen  mother  cells  which  then  divide  by  melosls 
to  yield  a  tetrad  of  microspores,  each  with  one  haploid  nucleus. 
Later,  these  nuclei  divide  by  mitosis  to  give  two  nuclei.  One 
nucleus  became  the  tube  nucleus  and  the  other  became  surrounded 
with  cytoplasm  and  a  cell  membrane  to  fonn  the  generative  cell. 
Shortly  thereafter,  anthesis  occurred  and  tthe  pollen  grains  were 
released.     The  duration  of  these  individual  stages  In  pollen  grain) 
development  varies  with  species  and  temperature.     In  this  study, 
at  the  control  temperature,  melosls  occurred  about  twenty-two  days 
before  anthesis  and  mitosis  about  eight  days  before  anthesis. 
However,  at  the  increased  temperature  associated  with  the  high 
temperature  treatment,  the  rate  of  pollen  development  was  accel- 
erated. 

The  pollen  produced  after  continuous  exposure  to  high  temper- 
ature was  smaller  than  that  produced  under  controlled  temperatures 
as  has  also  been  shown  by  Schoch-Bodmer  (1950),  Wagenitz  (1955), 
Kurtz  and  Liverraan  (1958),  Anlkiev  (l96o),  and  Kiyoaawa  (1962). 

Pollen  viability  was  reduced  at  high  temperature  (Table 
III).    Here  the  germination  percentage  was  reduced  from  59.7^  at 
the  control  temperature  to  45.7^  at  the  high  temperature.  Similar 
decreases  in  pollen  viability  at  high  temperatures  have  been  shown 
with  other  plant  species  (See  Survey  of  Literature), 

The  respiration  rate  of  the  pollen  grain  during  germination 
and  tube  growth  was  also  altered  by  high  temperatures  as  Indicated 
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in  Tables  I  and  II.    Slmllr-ir  studies  with  pollen  have  not  been 
reported,  but  Lvov  and  Flchtengolz  (1936)  reported  increased  ratea 
of  respiration  by  plants  suffering  from  drought  Injury, 

The  water  content  of  pollen  was  altered  by  high  temperature 
(Table  IV),  where  a  reduction  in  water  content  Is  evident.  Ornl- 
thogalum  caudatum  pollen  from  twenty-five  flowers  at  high  temper- 
ature averaged  4.9^  water,  and  at  control  temperature  contained 
6,3%  water,  ' 

The  stage  of  pollen  development  at  which  the  high  temper- 
ature was  most  injurious  appeared  to  be  at  the  time  of  meiosis 
and  exine  development  (Fig.  1,  2,  and  Table  III),    Kiyosawa  (1962) 
found  that  low  temperature  injury  to  pollen  was  also  moat  evident 
at  meiosis  and  during  exine  development.     During  exine  development, 
about  the  time  of  microspore  mitosis,  the  microspores  have  been 
reported  to  be  most  permeable  to  cytologlcal  stains  (Stern,  194?), 
Rowley  (1964)  also  suggested  that  this  is  the  time  substrate  is 
being  transferred  to  the  microspores,  and  Britikov  et  al.  (1964b) 
believed  this  to  be  the  time  proline  was  being  translocated  to  the 
microspores  from  the  vegetative  tissues. 

Injury  to  Ornithofjalum  caudatum  pollen  at  the  high  temper- 
ature treatment  used  in  this  study  can  be  alleviated  (Table  III), 
In  this  table  it  can  be  seen  that  adding  proline  plus  hydroxyproline 
to  the  germination  medium  can  completely  restore  the  germination 
percentage  that  was  lowered  by  the  high  temperature  treatment. 
Although  it  Is  true  that  at  higher  temperatures  other  chemicals  may 
need  to  be  added  to  overcome  heat  injury  (Langridge,  I963),  these 
results  indicate  that  chemical  treatment  may  alleviate  heat  injury 
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to  pollen, 

SUMMARY 

Pollen  produced  by  Ornlthogalum  caudatum  grown  in  growth 
chambers  programmed  for  a  31°C  fourteen  hour  day  and  a  29°C  ten 
hour  night  was  damaged.     Initially  this  temperature  created  mois- 
ture stress  in  the  inflorescence  and  water  content  of  the  pollen 
was  reduced.    Associated  with  this  water  deficiency,  respiratory 
rate  in  the  pollen  was  increased.     This  respiratory  activity  was 
apparently  associated  with  hydration  of  the  microspores.  The 
in  vitro  germination  percentage  of  the  pollen  was  decreased. 
This  decrease  in  germination  can  be  overcome  by  addition  of  0.1 
rag  proline  and  0.1  mg  hydroxyproline/ml  of  culture  medium,  Trans-- 
location  of  these  amino  acids  to  the  pollen  or  synthesis  within 
apparently  failed  to  occur. 

In  the  earlier  developmental  stages  of  flower  buds  exposed 
under  such  conditions,  meiosis  was  apparently  inhibited.  The 
microspore  mother  cells  began  the  initial  phases  of  meiosis,  but 
after  the  nuclear  membrane  disappeared,  the  chromosomes  clumped 
together  into  many  small  "nuclei,"    The  nucleolus  did  not  disap- 
pear^     The  cells  then  appeared  multinucleated  and  further  meiotlc 
development  apparently  did  not  occur.     Diameter  of  the  pollen  grains 
which  formed  were  decreased  and  single  nucleated  pollen  grains 
were  observed.  In  some  anthers  there  were  no  microspores,  but  lumps 
of  material  which  were  apparently  sporopollenin  formed. 
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The  effects  of  temperatures  above  the  optimum  on  pollen 
development  have  not  been  studied  in  detail.    However,  physio- 
logical and  cytological  development  of  pollen  has  been  studied 
by  many  workers.     In  this  work,  the  loss  of  viability  due  to  high 
temperatures  was  studied  from  cytologlcal  observations  of  pollen 
development  and  in  vitro  studies  for  germination  and  respiration,., 
rates.    Respiration  rates  were  determined  with  a  differential 
ultramlcroresplrometer.     Liquid  hanging  drop  cultures  were  em- 
ployed for  germination  studies, 

Ornithopcalum  caudatum  pollen  produced  at  a  31°C  day  and  a 
29®C  night  temperature  was  damaged.     This  temperature  created  a 
moisture  stress  which  Increased  the  respiration  rate  and  decreas- 
ed the  germination  percentage  of  mature  pollen.     This  damage 
occurred  during  exlne  development.     The  decrease  in  in  vitro  ger- 
mination was  overcome  by  addition  of  0,1  mg  proline  and  0.1  mg 
hydroxyproline/ral  to  the  culture  medium.. 

In  younger  flower  buds,  raeiosls  was  impaired  by  high  temp- 
erature.    Diameter  of  the  "pollen  grains"  was  decreased  and  single 
nucleated  "pollen  grains"  were  observed.     In  some  anthers  there 
were  no  microspores,  but  lumps  of  material  which  were  apparently 
sporopollenin  foi*med. 


